Abstract. Schwannomas are benign tumours that originate from the myelin sheath of peripheral nerves. They are characterised by a slow growth tendency. Benign schwannomas represent 35% of the head and neck district tumours. Hypoglossal schwannomas account for 5% of non-vestibular schwannomas, and malignant schwannomas occur very rarely. In the present case report, the case of a 49-year-old man who presented with paraesthesias in the left parotid and submandibular region, associated with sensation of foreign bodies and dysphagia for solids, is described. A clinical examination revealed the presence of an ovoid palpable mass in the lateral-cervical region of the neck. The patient subsequently underwent excisional surgery, and neuropathological evaluation of the specimen confirmed the diagnosis of benign schwannoma with Antoni areas A and B. Despite the rarity of schwannomas, this condition should be considered in differential diagnoses for masses localised in the neck, as in cases where they reach considerable sizes (>3 cm in diameter). Surgery therefore represents the first-choice treatment.
Introduction
The hypoglossal nerve (HyN) is a somatic nerve that innervates the muscles of the tongue and provides motor fibres derived from the cervical plexus to the muscles of the upper and lower hyoid region (1) . Whereas tumours of the peripheral nerves are relatively infrequent, tumours of the HyN must be considered a rare event, accounting for only 5% of non-vestibular schwannomas (2,3). As reported in Table I , a review of literature on Medline for the words 'hypoglossal' and 'schwannoma' revealed only a low number of papers that have been currently published on this topic.
The HyN (XII pair) originates from the hypoglossal nucleus that is located in the medulla oblongata. The efferent fibres, which are only somatic motor fibres, innervate the posterior belly of the digastric muscle, the sternohyoid muscle, the omohyoid muscle, the thyrohyoid muscle and the muscles of the tongue, such as the styloglossus, the genioglossus and the hyoglossus muscles. The fibres emerge from the anterolateral sulcus of the bulb as a longitudinal series of rootlets that then fuse together, to give origin to the nerve. After its short, although clinically relevant, intracranial (IC) course, the nerve exits, passing through the hypoglossal canal. Once extracranial (EC), the nerve is located in the parapharyngeal space (3) . It descends first posteriorly, and then between the neurovascular bundle (internal carotid, phrenic nerve and internal jugular vein) directed towards the base of the tongue. During its course, it gives various collateral branches to the muscles of the hyoid region. Once it reaches the submandibular lodge, it divides into its terminal branches that finally innervate the muscles of the tongue (1,4).
Schwannomas were described for the first time by Verocay in 1910 (5, 6) . They are included in a more extended group of tumours of the peripheral nerve, which have been classically distinguished by Virchow in terms of real neuromas (traumatic neuromas and ganglioneuromas) and false neuromas (neurofibromas and neurilennomas) (5-7). They may be distinguished as being benign or malign, according to their biological behaviour.
Case report
History and examination. In the present report, the case is described of a 49-year-old male patient who, for the past year, had reported paraesthesias in the left parotid and submandibular region, associated for the previous 20 days with the sensation of a foreign body in the ipsilateral latero-cervical region and dysphagia for solids. A clinical examination revealed the presence of an ovoid palpable mass (5-6 cm in diameter) of hard elastic consistency that was mobile compared with the superficial plans, but adherent compared with the deep ones, neither painful nor tender.
Diagnostic testing and imaging. Ultrasonography of the neck revealed a hypoechoic lesion of solid consistency of ~6 cm in diameter. It was adjacent to the major vessels of the neck, localised deeply and posteriorly relative to the submandibular gland. Magnetic resonance imaging (MRI) demonstrated a tendency to outward dislocation of the major vessels of the neck, the intense vascularization of the lesion and the remarkable mass effect on the lateral walls of the hypopharynx.
Surgery. After having obtained the informed consent, the patient underwent surgical exeresis of the mass, which appeared to be a voluminous ovoid lesion, laid deep on a plane between the lateral wall of the pharynx-hypopharynx (medially) and the neurovascular bundle of the neck, the stylohyoid muscle and the posterior face of the digastric muscle (laterally).
Originating from the HyN (XII pair), surgery started with an incision along the anterior margin of the sternocleidomastoid muscle, with the neck of the patient hyperextended and rotated contralaterally. Once the platysma muscle had been incised, the anterior margin of the sternocleidomastoid muscle was isolated, together with the interior jugular vein that was in direct contact with the medial surface of the muscle. This manoeuvre exposed the venous thyrolinguofacial trunk, also termed Farabeuf's trunk. The sectioning of such a venous trunk provided the opportunity to reach a deeper plane, where it was possible to identify and isolate the HyN. After the careful isolation of the carotid, of the carotidal bifurcation and of the phrenic nerve that spared the carotid glomus to prevent cardiovascular effects, the HyN was exposed superiorly. The lesion was located deep in the superior part of the nerve. Due to the location of the lesion, an accurate and fine isolation was surgically required. In order to accomplish this, the nerve from the surrounding connections with the carotids, the small vessels supplying the nerve, and the connections with the phrenic nerve were detached. Caution was required during this part of the operation, since an accidental lesion of the HyN could cause ipsilateral deviation of the tongue, peripheral dysarthria and chewing disorders. After all the previous structures had been gently displaced, the neoplasm was exposed, starting from its external surface. A good cleavage plane was present, and therefore it was possible to easily detach the mass anteriorly, posteriorly and inferiorly. There only appeared to be only one point of intimate contiguity between the mass and the nearby glossopharyngeal nerve. Once this has been isolated from the nervous structure, a further manoeuvre granted the dissection from the pharyngeal wall. In this manner, the mass was completely separated from the surrounding tissues, and could be finally excised.
Histopathological examination. Macroscopical examination of the specimen revealed a capsulated mass, with haemorrhagic areas to the cut. Microscopically, the lesion was formed by fused elements, occasionally structured in interlaced bundles. High cellular density (Antoni A areas) and low cellular density areas embedded in a connective matrix (Antoni B areas) were revealed. This evidence, in addition to the identified immunohistochemical positivity to S-100 protein, established the diagnosis of a benign schwannoma with Antoni A and B areas (8) .
Follow-up.
Neither signs of local recurrence nor of postoperative complications were apparent after 24 months, confirming the absence of residual masses. However, the patient reported the persistence of a moderate lowering of the voice, presumably caused by the impairment of the superior laryngeal nerve that had not been resolved by surgery.
Discussion
Clinical features. A specific diagnosis of schwannoma is difficult to make, and is frequently made at rather an advanced stage. Growth occurs slowly, and the onset of symptoms may only be determined after a long time period; the neurological signs and symptoms are, however, poor. Potentially useful criteria to identify schwannomas may be epidemiology and topography, considering that schwannomas are the most frequent neuronal tumours and that they represent 35% of the head and neck district tumours. The correct diagnosis of a schwannoma has important clinical and prognostic repercussions, as they may feature malignant characteristics, even if only in 2% of cases. On the clinical side, the prognosis is correlated with precocity of diagnosis and with the required radical surgical intervention. Clinically, these tumours tend to be asymptomatic, until they are of a small size (<1-2 cm in diameter). Only when they reach certain dimensions (~2-3 cm) may they be responsible for causing pain and paraesthesias; in time, they are able to increase their volume up to 4-5 cm (although rarely more than this), and, in these cases, they cause compression and dislocation without infiltration of the nerve of origin, with specific functional deficits that may be useful in terms of identifying the area and the nerve involved.
Location of the lesions. With regard to the location of the lesions, from an analysis of data specifically associated with hypoglossal schwannomas, it seems that, most frequently, these lesions have an IC localization, either developing in the cerebellopontine angle from the origin of the nerve or in the hypoglossal canal, and a secondary EC extension, most frequently in the parapharyngeal space. Only Yu et al (9) have reported on a patient who presumably developed a primary EC lesion that extended intracranially. As observed from a study of the literature, and as confirmed by Lee et al (2) , the incidence of isolated EC lesions, such as occurred in the present case report, appears to be extremely rare.
Symptomatological heterogeneity. Depending on the dimensions of the lesion, the clinical picture may vary greatly. In almost all cases, there are varying degrees of paresis of the HyN, which appear as ipsilateral deviation, hemiatrophy and fasciculations of the tongue. These symptoms may be accompanied by hoarseness, intermittent-to-persistent headaches, dysarthria, slurred speech, swallowing difficulties and throat cramps (2, 4, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . Whereas the effects on the specific functions of the nerve may be attributable to the local damage of the tumour on the nerve, these types of lesions, particularly when they increase in volume, may determine mass effects on surrounding or adjacent structures; for example, Mariniello et al (19) reported on the case of a patient who exhibited signs of cerebellar ataxia, right-sided hypotonia and increased intracranial pressure. Another case that best clarifies the occurrence of mass effect is the patient reported by Li et al (18) . In that case, there was an impairment of multiple cranial nerves and of the visual functions, as attested by MRI scanning, which provided evidence of cerebellar and medullar compression.
Imaging and diagnosis.
To better define localization of the lesion and the involvement of adjacent structures, second-level imaging techniques, such as computed tomography and MRI, may be useful to the surgeon in order to define a correct preoperative plan (29) . In fact, as this type of surgery is often characterised by technical difficulties, knowing the exact localization of the lesion and mastering the anatomy of the neck to overcome possible obstacles is of fundamental importance. In this manner, schwannomas may be completely excised without major problems or complications.
Treatment. Independently from the nerve that is affected, surgical treatment consists of systematic exeresis of the lesions. This has been furthermore confirmed by the experience of the present authors and by case reports (2, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) 30, 31) . In fact, all except one of the cases were treated surgically. Early treatment has important repercussions: First of all, even if a correct and refined clinical and imaging diagnosis is posed, it is impossible to make a definitive diagnosis without a histological examination of the excised specimen. In addition, as previously mentioned, these masses tend to grow slowly, inducing compressive effects on the surrounding structures. As a result, these could be dislocated and damaged, thus requiring a more delicate surgical procedure that may be burdened by a higher rate of complications. Furthermore, schwannomas are radioresistant, and therefore there are no obtainable benefits resulting from radiotherapeutic treatments. Damage and morbidity derived from lesions of the nerve from which the schwannoma originates may be prevented by accurately identifying and studying the nerve involved. As previously observed, the mass may be located in an eccentric position, well separated from the nerve fibres from a fibrotic capsule. This provides the surgeon with the possibility to remove the mass without generally impacting on the function of the nerve, if correctly identified. Even in the worst-case scenarios, however, damage to the nerve is mild. This is not true for malignant schwannomas, which are characterised by infiltrating behaviour towards the surrounding tissue. For this reason, in order to attempt complete removal of the lesion, the interruption or sacrifice of the nerve may be required. In these cases, in order to limit morbidity, reconstruction by direct nerve repair with epineurial microsutures or nervous grafts may be performed. In addition to these procedures, there are novel and upcoming techniques using biocompatible scaffolds that may help in the reconstruction of the transected nerve (32) (33) (34) (35) (36) .
Neuropathological features. According to their biological behaviour, schwannomas may be distinguished in benign and malign lesions. Benign schwannomas are confined, and encapsulated within the epineurium. They appear as clearly defined masses in eccentric positions, either adherent to or detached from the nerve. Tumours usually create grey solid masses, but may also present as cystic areas with xanthomatous modifications. Histologically, two different forms may be distinguished according to growth features: Antoni form A is characterised by prolonged bundles of bipolar elements, associated with argyrophilic fibrils with nuclei aligned in parallel termed 'palisades', separated by hyaline bands, also termed Verocay bodies (8, (37) (38) (39) (40) ; Antoni form B is characterised by polymorphic and frequently astrocyte-like elements, associated with mucus and microcystic degeneration (8, (37) (38) (39) (40) . There may be degenerative phenomena, such as fatty degeneration, and vessels may appear as being telangiectatic, sinusoidal or with thickened walls. Cells typically appear elongated, with ovoid and regular nuclei. As this type of lesion dislocates the nerve of origin during growth, both argentic staining and immunohistochemical assays for neurofilaments are capable of demonstrating that the tumour does not contain any axons. Thrombosis, haemorrhages and calcifications may be evident, and there may be positivity for S100 protein, glial fibrillary acidic protein (GFAP) and Leu7. Generally speaking, schwannomas are benign and affect sensory nerves. There may also be variant forms, such as the melanocytic, the plexiform, the reticular and the 'cellular' forms; in the latter case, even with the presence of mitosis, nuclear polymorphism and a compact aspect without palisades, the prognosis is benign. Malign schwannomas usually do not originate from benign ones, but originate primarily as malignant tumours, and are considered to be part of neurofibromatosis (37, 38) . They recur after exeresis, and tend to increase their malignancy over time, being undistinguishable from malign neurofibromas and neurofibromatosis. They are classified within the so-called group of tumours termed malignant peripheral nervous system tumours (41) . Differently from benign schwannomas, malign schwannomas appear as not always delimited nerve or eccentric masses. Histologically, malign schwannomas appear similarly to fibrosarcoma, being constituted by cells and elongated nuclei that are organised in fascicles. Cells may also form small vortexes and, occasionally, palisades (39) . Mitotic events are frequent. The tumour invades adjacent structures, tending to become more malignant as time proceeds, leading to necrosis and polymorphic elements, with a reduction of the fibrillary component. Immunohistochemical analysis generally provides evidence of positivity for S100 protein (37, 38) .
In conclusion, HyN schwannomas occur only rarely, with few cases previously described in literature. Management of the disease consists of the surgical excision of the lesion whenever possible, due to the potential negative effects that it may have on the delicate surrounding structures. IC lesions with secondary EC extensions appear to be the most frequent type of lesions. Isolated EC lesions are rather rare. Second-level imaging, especially MRI, represents a useful technique to preoperatively study the lesion and plan the best surgical approach. Recovery of the nerve function is generally good, although mild deficits may remain, depending on the location of the lesion and on the complexity of surgical excision.
